Abstract. In the paper, we point out several observations and remarks on time effectiveness of electronic testing, in particular of its new form (interactive tests). A test is often used as an effective didactic tool for evaluating the extent of gained cognitive capabilities. According to authors Rudman (1989) and Wang (2003) it is provable that the relationship towards e-testing depends on the degree of previous experiences with this form of examination. Conducted experiments (not only by these authors) show that students using the traditional testing form (putting answers down on a paper) are happy to have the opportunity to use a computer for testing. The reason is the fact that they are usually used to a complete explanation of the educational content, frontal examination during the lesson and also in the course of the school year and more limited possibilities to use the Internet for educational purposes. Most of them do not even know about the possibilities of e-learning and electronic evaluation. On the other hand, the group of students who are being tested using the traditional form and at the same time using computers usually prefer the traditional form, while using multimedia tools is more or less normal to them.
Introduction
The continuous development of ubiquitous computing technologies and its applications have brought about a revolution in the education, especially in learning environments (Zhan and Yuan, 2009 ). Change of traditional school into a modern one -a school using elements of information technology to develop cognitive and intellectual capabilities of students of natural sciences but also technical subjects and humanities -achieved a significant growth over the last decade. This fact is supported by a number of different projects, e.g. project ROSE (Relevance of Science Education). Today, teaching and learning are mostly supported by digital material and electronic communication ranging from the provision of slides or scripts in digital form to elaborate, interactive learning environments (Henrich and Sieber, 2009 ). In the last decade the electronic learning became a very useful tool in the students' education from different activity domains. The accomplished studies indicated that the students substantially appreciate the e-learning method, due to the facilities: the facile information access, a better storage of the didactic material, the curricula harmonization between universities, personalized instruction (Stanescu et al., 2008) . As e-learning is emerging as nontraditional learning approach, it's becoming more acceptable to our society. Although the driving force of evolving Internet and other supporting technologies render the delivery of online courses easily accessible to students, e-learning might create a paradigm in education industry (Bih, 2006) . The e-Learning is currently considered as a valid and effective didactic methodology in several study courses at different levels such as scholastic and university education as well as lifelong learning. In scientific fields the adoption of e-Learning is more complex since the study courses have to include not only theoretical concepts but also practical activities on specific instrumentation (Peretto, 2008) . The most widespread and most popular educational system for managing the learning is LMS Moodle. Moodle communicates extremely well with many web-based resources allowing developers creativity and versatility whilst enabling tailoring of the system to individual needs. These environments have been developed in partnership with teachers, as an enhancement to face-to-face teaching, for both curricular and extracurricular learning (Shulamit and Yossi, 2011) .
Testing
Professors in different universities have various levels of awareness, interest and experience in alternative assessments. Without entirely giving up the traditional methods of testing and grading their students, nowadays teachers tend to change focus from knowledge to skills, aiming at higher communicative competence. New purposes, new materials and new didactic techniques call for new modalities of evaluating the outcome of the educational process. Among these new modalities one can find oral interviews, tasks of story or text retelling, assessments of writing samples, projects and exhibitions, experiments and demonstrations, tests with constructed-response items, portfolios and diaries of teacher observations summarising data related to group performance and group progress. All these methods are trying to keep up with the ever quicker rhythm of our daily life, with tomorrow's necessities and with technological progress (Cismas, 2010) . In course of the change of traditional school into a modern school, we can observe a similar development and use of IT also in the area of electronic testing. Many contemporary authors of specialised publications in pedagogy and psychology are interested in the topic of electronic testing. One of the primary aims of higher education in today's information technology enabled classroom is to make students more active in the learning process. The intended outcome of this increased IT-facilitated student engagement is to foster important skills such as critical thinking used in both academia and workplace environments. Critical thinking skills entails the ability(ies) of mental processes of discernment, analysis and evaluation to achieve a logical understanding. Critical thinking in the classroom as well as in the workplace is a central theme; however, with the dramatic increase of IT usage the mechanisms by which critical thinking is fostered and used has changed (Saadé et al., 2012) .
Several authors of professional publications (e.g. educators or psychologists) specializing in the field of online education point out in their studies (Wybrow et al., 2013) "that online teaching, learning and assessment design, which positively influences students' outcomes, is complex design work that needs to be iteratively informed by learners' experiences. It also points to the importance of recognizing the skills and resources required to prepare for and work in online environments. In addition, it has shown that publisher materials are no substitute for appropriate investment in staff skill and design processes and that such investment pays high dividends in enhanced student learning and experience and teaching quality".
But is it really so? Are such studies valid in each country? The paper highlights a number of observations of electronic testing students.
Didactic Tests
Development of critical thinking is a crucial element of the change of traditional school into a modern one, and it is being actively implemented in electronic testing. Examination using didactic tests is seen as the best way of gaining relevant results (verification of didactic effectiveness) from the point of view of adjustment and implementation of study materials into e-learning systems. We therefore claim that they can be considered a tool for objective measuring of impact in educational process. According to Kominarec et al. (2004) , we can use didactic tests to determine the extent and quality of knowledge, the ability to apply it, the speed of problem solving etc.
The aim of didactic tests is to objectively determine the level of mastering of the educational content by a specific group of people. The main difference between a conventional exam and a didactic test is the fact that the didactic test is designed, verified, evaluated and interpreted according to a set of rules formulated in advance. Definition of a didactic test by Byčovský (1982) is very concise: "A didactic test is a tool of syntactic determining (measuring) of the results of education". In pedagogical practice, we come across a variety of didactic tests of different quality and types. Individual types of didactic test have specific characteristics and differ in the kind of information we obtain from them.
Didactic test in electronic version presents fast and precise, modern and effective form of feedback from students to teacher. Electronic test, as a highly formalized instrument of evaluation of the students' preparation and knowledge, has its own unique place in the whole education process (Horovčák and Stehlíková, 2007) .
If a test is a tool to determine the extent of mastering of the educational content and to measure the results of educational process in an area specified in advance, it is necessary to think even before implementing the test into practice, whether it will be designed, created and used as a "classic didactic test", one that tests more "on the surface" (its items are aimed on memory reproduction of knowledge, alternatively they can only try to determine the students' knowledge reflecting only formal mastering of the educational content) or a test that will allow us to go deeper into the student's understanding and even show where the student makes mistakes in their thinking and understanding and on which level do they make them.
Examples of such tests are divergent or conceptual tasks. Divergent tasks allow for discovering of creative students; they make them think, explore, generalize and deepen their actual knowledge. They do not always have simple, trivial solution, they are open and do not directly relate to learned content, they motivate, develop creativity, unveil understanding of the problem in wider context. Their solution presumes search for a number of different and atypical correct answers. Conceptual tasks, on the other hand, focus on exploration of understanding of different notions and their relations. They are not considered a standard solution for verifying didactic effectiveness, while they are not being used very often because of the difficult nature of their execution. They represent a combination of problem tasks and tasks requiring non-specific transfer of knowledge, or creative tasks. Their solving emphasizes the numeric solution of the problem which leads to only one correct answer and is based on the use of an appropriate algorithm, usually one learned by heart. According to Haláková (2008) , conceptual tasks are the only tool which lets students gain experience, improve their understanding and ability to apply the learned skills and knowledge in new situations, they boost critical thinking and spark interest in science and learning in students. They give the students an impulse to adopt a new way of learning. They are an important and useful part of diagnosing students' misconceptions, exploring their understanding of notions, they help uncover students' mental models and their qualitative perceptions.
Experiment, Part A -Time Effectiveness of Electronic Didactic Tests
There are different measures for determining the overall effectiveness of didactic tests, the most common are didactic and time effectiveness. The time effectiveness is defined by the time needed to take the didactic test. For interactive tests, which represent a new form of electronic testing of students, the determining of these aspects is a very important step in their consequent evaluation.
While conducting experiments focusing on didactic and time effectiveness, it was necessary to implement a special type of module into the LMS Moodle environment: Interactive questions by Dmitry Pupinin. The module allows connection of the data and the database. Thanks to this connection, we can statistically evaluate values of variables representing correctly or incorrectly solved parts of the interactive task and allocate partial or overall evaluation to individual students.
To determine time effectiveness of interactive tests, we conducted an experiment in the winter term of 2011/2012. During the term, we evaluated the method of work, but also the extent of gained knowledge and skills of students of Computer Architecture 1. As a part of this subject, interactive tasks representing simple didactic tests were created. Computer Architecture is a technical subject for students of Applied Informatics. The subject's content focuses on the area of logical systems, electro-technical and electronic components which together form the core (inner structure) of computers.
The students were divided into two study groups -experimental and control group. During the educational process, the experimental group used course Computer Architecture 1 located on divai.ukf.sk/moodle server into which the Interactive question module was implemented. All tests during the semester were taken using this type of module.
A course of the same name on edu.ukf.sk server was available for the control group and it was equivalent in all aspects to the course located on divai.ukf.sk/moodle, except for the Interactive question module. Students in the control group took the same tests as students in experimental group, however, in control group, the tests were in classic paper form. The number of students was the same in both experimental and control group. Each group consisted of 14 students. This state resulted from the number of enrolled students and their division into groups at the beginning of the semester, and therefore had to be respected.
Experiment conduction procedure:
Establishment of the control and the experimental group. (1) Creation of quality measurement procedures. (2) Execution of the plan of the experiment. (3) Understanding of the data. (4) Validation of the used statistic methods. (5) Data analysis and interpretation of the results. (6) Implemented methods: descriptive statistics, analysis of the dispersion for repeated measurements with more than two levels.
Interactive Tasks = Didactic Tests
The use of interactive tasks can be summarized into 3 basic points:
Interactive animations can be implemented into these tasks.
(1)
Interactive type of task = didactic test (conceptual task). (2) They let us determine and verify time and didactic effectiveness. (3) Based on the knowledge from didactics, we can say that cognitive process takes place in two main levels -at the level of sense perception and at the level of mental perception.
Experimental verification of didactic effectiveness together with research in pedagogy and psychology point to the fact that efficiency of cognition and remembering is directly proportional to the number of sensors activated while gaining knowledge. According to Driensky and Hrmo (2004) , from this point of view, the greatest significance in implementing interactive animations can be attributed to sight (83% of information), also auditory perception (11%) and other sensors extending sense perception (touch, scent, taste) and preserving the principle of Inquiry-based learning:
"Tell me and I will forget. Show me and I will remember. Involve me and I will understand..."
The share of individual components of remembering using interactive animations, depending on the way of information acquisition, is as follows: approx. 30% is designated for cognition, 20% for listening and 10% for reading (Driensky and Hrmo, 2004) .
According to the evidence above, interactive animations do not play only the role of sense perception, but are also important as cognitive perception, as they show and penetrate the very essence of the objects. This kind of gradual development of concrete-ness also leads to development of the intensity of the look on life. Their use is important mostly on the level of abstract thinking which helps students not only to develop their imagination but also builds fundamentals for logical thinking.
As one of the basic requirements for didactic tools, didactic efficiency depends above all on the success of education in didactic transformation of educational content in accordance to the requirements set to comply with the profile of the student for whom the didactic tool is designated. (Driensky and Hrmo 2004) .
Determining the state of didactic efficiency of study materials (its increase or decrease) is a considerably difficult step of a research focusing on any kind of implementation of didactic tool into educational process, while the classic question -what is the function or what tasks or effect does the didactic tool have -always gets the same answer: its task is to support the development of cognitive and intellectual skills of the student thus teaching him or her something new... This response is mostly based on a verified statement of Mayer R.E. (1997 Mayer R.E. ( , 2001 ) and Mayer, Chandler (2001) or Moreno and Valdez (2005) who claimed that the more diverse learning methods a person uses, the more effective the remembering of information is. Didactic efficiency of the use of innovated support materials to which interactive animations were implemented is therefore very difficult to quantify.
Examination using didactic tests is seen as the best way of gaining relevant results (verification of didactic effectiveness) from the point of view of adjustment and implementation of study materials into e-learning systems. We therefore claim that they can be considered a tool for objective measuring of impact in educational process. We can use didactic tests to determine the extent and quality of knowledge, the ability to apply it, the speed of problem solving etc. (Kominarec, 2004) .
Processing the results of the research
The aim of the experiment was to determine and verify the effectiveness of interactive types of tasks from the aspect of time needed to solve them. Based on the used measuring procedures and methods, it is possible to show, using a simple experiment, how much time have the students spent solving the didactic tests in individual groups. The students were divided into two groups -control and experimental. The control group took the didactic tests using the classic paper form and the experimental group used interactive types of tasks which formed the didactic test. Tests for both groups consisted of the same number of questions, the assessments of tasks were identical. The experiment aimed to show time differences that can occur while taking the test either in classic or innovated form.
The data of time needed to solve interactive type of tasks for the experimental group were obtained by analysis of log files. From the available time information, we chose only the values for "net" time for taking of the test, i.e. the time excluding the intervals, when the user left the (unfinished) test open. The data of time needed to finish the tests for the control group (paper form) were obtained by analysis of the time written down at the beginning and at the end of the test.
The Table 1 shows descriptive characteristics and 95% intervals of reliability of the estimated average for the total score of the time needed to finish the tests T1-T9 (point We are not looking to accept the hypothesis, but its rejection could allow us to introduce an equivalent showing statistically important difference between the experimental and control group from the aspect of time needed to finish the tests.
To test the hypothesis, we will use analysis of the dispersion of repeated measurements ( Table 2 ). Table 2 : SS -sum of squares df -degrees of freedom MS -a mean square (or MS) is some estimate of the variance based on certain sources of variation available to us in our experiment F value -the F-value says us how far away we are from the hypothesis p -in statistical significance testing the p-value is the probability of obtaining a test statistic at least as extreme as the one that was actually observed, assuming that the null hypothesis is true (Goodman, 1999) .
Explanations of abbreviations of
Based on the analysis of the dispersion and adjusted (Table 3 ) levels of variance, we reject the zero hypothesis, which claims that the difference between the experimental and control groups is statistically insignificant, i.e. there is a relation between the two groups. This relation is visualized in a chart of the average and interval of reliability (Fig. 1) .
At the same time, after rejecting H0 and based on the visualisation presented in the chart of the average and the interval of reliability, we can ask the following question: Table 4 shows there are several differences between individual pairs of tests. The differences are found not only between electronic and paper form of the test, but also between the tests within the same form.
Results of the Research
The following statistical zero hypothesis was formed according to input data on the basis of which the descriptive characteristics of the scale of individual items were formed: Fig. 1 . Chart of the average and interval of reliability of the testing from the aspect of time. This hypothesis cannot be accepted, while the conducted analysis of the dispersion and multiple comparisons of items let us reject it with 99% reliability. With the reliability chart, we could definitively visualise determined differences in time needed to finish the test in electronic and in classic paper form. In this case, the results are explicitly in favour of the paper form of testing of knowledge and skills of students.
Experiment B -Analysis of Students' Results from the Aspect of Their Motivation and Development of Cognitive Skills
The second part of the experiment was also conducted in the winter semester of 2011/2012. During this semester, we not only evaluated the time aspect in taking electronic and classic (paper) tests evaluating the extent of gained knowledge of students of Computer Architecture 1, but we focused mainly on analyzing the students' results in solving the tests in both forms. Experiment conduction procedure:
Establishment of control and experimental group. Implemented methods: analysis of the results based on a consultation with psychologists and special pedagogues, conversations with students. 9 tests in total were available for students (8 interactive ones and 1 with multiple answers) with a different number of interactive tasks aimed to determine their knowledge and development of intellectual or psychomotor skills. In case of electronic testing in LMS Moodle, the start and the end of the test was recorded automatically (and thus also their duration) and the students were awarded according to their finished test. The test was in no way time-limited in any of the cases. The students had a limited number of tries in taking of the test, though only the first try was used as a part of our analysis. This allowed us to gain the same input conditions from the point of view of assigned score according to the time needed to solve the test in electronic or classic (paper) form. During the semester, the control group was continually taking tests with the same contents, but in a paper form.
In the analysis of taken tests, we focused especially on identification of missing parts that determine the final (gained) score from the test. The Table 5 shows the general (factual) data about the responders.
Definition of abbreviations (Table 5) : SOŠ -Specialised High School, OA -Business Academy, GYM -Gymnasium, EGŠ -Electro-technical and Engineering School, Serbia (equivalent to Slovak SPS -Industry High School), SUŠ -Art High School.
As we can see in the table of general data, both groups are homogenous in age, completing of the subject Informatics at high school and gender. The total number of taken tests in each form was 9, however, we will only analyze one of them -test no. 3. No extremes have arisen in conduction of tests 1-9 and the results of their analyses are identical, which gave us the reason to only analyze one of the tests in the paper.
The described test was taken in paper form on a strictly set date of 24.10.2011. The students taking the electronic tests were not limited in any way by the time needed to finish the interactive test, the only limitation for them was to continue with to the next lesson. If the students gained at least 8 of 10 points (i.e. minimum of 80%), the next lesson appeared.
In case of autotest no. 3, the students solved the following interactive task in electronic form (Fig. 2) .
The students' task was to use components defined in advance to form a nonlinear transistor level. By solving the task, we wanted to verify not only students' knowledge in the area, but also to determine their psycho-motor skills and abilities. Students in the control group were taking a test identical in content, but this time in paper form. The following figure (Fig. 3) shows the assessment and components defined in advance for students to use.
To draw an image of the proportion of gained score of students in each group, the Table 6 includes descriptive characteristics and 95% intervals of reliability of the estimated average for total score of points gained for finishing all of the tests (point and interval estimation of the average, standard deviation and standard error of estimation of the average). Based on the results, we need to verify the validity of the following hypothesis with statistic value zero:
H0: There is no statistically significant difference between the control and experimental group from the aspect of points awarded for finished tests either in electronic or in classic (paper) form.
We are not looking to accept the hypothesis, but its rejection could allow us to introduce an equivalent showing statistically important difference between the experimental and control group from the aspect of points needed to pass the test. To test the hypothesis, we will use analysis of the dispersion of repeated measurements ( Table 7) .
The analysis of the dispersion of repeated measurements shows, that the significance level 'p' reaches critical values, it is, therefore, necessary to adjust the levels of variance in the results using the Huynh-Feldt correction, similarly to the case of the analysis of time needed to finish the tests.
Based on the analysis of the dispersion and adjusted (Table 8 ) levels of variance, we reject the zero hypothesis, which claims that the difference in the point valuation of the tests between the experimental and control groups is statistically insignificant, i.e. there is a relation between the two groups. This relation is visualized in a chart of the average and interval of reliability (Fig. 4) .
The results visualized in the chart of the average and the interval of reliability show the difference between the point value in tests 1-9 which was assigned to students upon their finishing of the tests in either paper or electronic form.
The results from the aspect of time needed to take the tests are in favour of the paper form of testing (Experiment -part A), but from the aspect of assigned points, the electronic form seems to be more effective, we were curious to know why such extreme differences have risen between individual test forms. We sought the answer in analysis of the finished classic and electronic tests. The right side of the Fig. 5 shows an example of students' solving of the problem in electronic form. The correct solution of the assessment is shown on the left side of the Fig. 5 .
Note: In evaluation, the technical part of the solution was taken into consideration over the visual part. The system, therefore, evaluated all of the technically correct connections.
In autotest no. 3, in which the priority was to form a correct connection of nonlinear transistor level, 6 of the total 14 students solving the test in electronic form gained point evaluation 80% (i.e. 8 out of 10 points). In classic (paper) form of testing, only one of the students gained a satisfactory point evaluation (8.21 points = 82%).
The analysis of finished didactic tests shown on the Fig. 6 (paper form) shows us the absence of crucial parts of the scheme and their description which is necessary from the electro-technical point to determine the correct functioning of the scheme. While the students did not gain comparable average score in the paper form as the students who took the test electronically, we were interested to find, what score they would get if they solved the test in classic form. As the figure Fig. 7 shows, the students did not get to the same score after taking the same didactic test after some time (1 month) either in paper form or on the blackboard. At the same time, the results of the repeated tests show that during their taking, many problems in critical thinking and in the creation of the formal transcription arose.
The experiment was made very interesting because of the fact, that in repeated testing in electrical form, the students had no problems to gain satisfactory score.
Conversation with the students, which we used as one of the methods of analysis of obtained experiment data, showed that in classic form of verification of gained knowledge and skills, in each of finished tests, the time effectiveness is purely on psychological level. This means that students' priority in this form of testing is to finish the test as soon as possible not taking into consideration the score they will be awarded for the test. On the other hand, taking interactive tests, they realize they have a chance to interfere with the verification of their knowledge and since there is no time limit for taking the test, they leave themselves a chance to actively enter the whole process (Note: analogy test = game is valid in this case). In their opinion, the problem of the development of their intellectual and cognitive skills or psycho-motor abilities lies in the interactive tests themselves. Even though in electronic form of interactive tests they have the option to use the Inquiry-Based Learning principle, paradoxically they lose the ability to be creative and use elements of formal transcription and schemes in classic form of testing ( Fig. 6 and Fig. 7) .
This finding was confirmed by the statement by Dr. 
Results of the Research
The following statistical zero hypothesis was formed according to input data on the basis of which the descriptive characteristics of the scale of individual items were formed:
This hypothesis cannot be accepted, while the conducted analysis of the dispersion and multiple comparisons of items lets us reject it with 99% reliability. With the reliability chart, we could definitively visualise determined differences in point valuation of solved tests in electronic and in classic paper form. In this case, the results are explicitly in favour of the electronic form of testing of knowledge and skills of students. At the same time, we introduce the following findings:
From the aspect of time needed for their solving, interactive tests are not more (1) effective than classic = paper tests. Students get higher average score (successfulness percentage) taking interactive (2) test than while solving the same test in classic = paper form.
Comparison of interactive and classic tests shows that this new form of testing (3) in fact lowers the development of critical thinking and formal notation of students, on the other hand, it increases their motivation and development of their cognitive abilities.
Conclusion
Being used side by side with classical learning, electronic learning is nowadays seen as one of the modern forms of education. This form of learning motivates the students and gives them a chance to more actively and responsibly take part in gaining knowledge in attractive educational space via e-learning courses conducted over the Internet (Kapusta et al., 2009; Khan, 2005) . Similar analogy or parallel between classic, i.e. traditional education and e-learning education can be found in using of electronic testing. Electronic testing is a relatively new phenomenon of quick review of students' knowledge and skills, which brings a new impulse and new possibilities to schools. Digital content transformed into electronic form as didactic tests, has become a new dimension in evaluation of gained knowledge. Students gradually learn how to effectively process information and continue to create new knowledge based on this activity. It has to be noted, though, that obtaining of information is not the main task of the educational process. It is only a tool at the beginning when we need a database of knowledge so that we can continue in the educational process. If one has a lot of information, they can be educated, but the way they use this knowledge is way more important. There are always positive and negative opinions on "classic" methods of electronic testing and on applying of new technology. Supporters of e-learning build on the availability of new technologies for ever growing number of social groups, they argue for its effectiveness, time and space independence, its adaptability for businesses and schools. They argue that e-learning enriches and improves education, supports students' independence, creativity and reliability. Objectors to e-learning and electronic testing mostly point out the loose of personal touch in education process by pushing away individual approach of the teacher, tradition and human approach. In spite of these arguments, it is necessary to realize that not even the best technology can solve the problems connected to quality of education, students' activity, renunciation and determination for achievement.
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Keletas įžvalgų ir pastabų apie laiko efektyvumą interaktyviuose elektroniniuose testuose
Martin MAGDIN, Milan TURČÁNI Straipsnyje pristatoma keletas įžvalgų ir pastabų apie laiko efektyvumą elektroninio testavimo metu, būtent, interaktyvaus testavimo metu. Testas dažnai taikomas kaip efektyvus didaktinis įrankis siekiant įvertinti įgytas žinias. Remiantis Rudman (1989) ir Wang (2003) įrodyta, kad el. testavimo taikymo nuostatos yra susiję su ankstesne tokios egzaminavimo formos taikymo patirtimi. Atliktas tyrimas atskleidė, kad studentai, atliekantys tradicinius testus (testas pateikiamas popieriaus lape), noriai imasi el. testų. Priežastis slypi tame, kad paprastai studentai pildo testus per įvairius atsiskaitymus ir turi ribotas galimybes naudotis internetu mokymo tikslams. Dauguma studentų net nežino apie el. mokymosi galimybes ir el. testavimą. Antra vertus, studentų grupė, atliekanti tradicinius testus ir tuo pačiu turinti galimybę naudotis kompiuteriais paprastai renkasi tradicinį testą.
